Two concurrent trials were conducted to examine the effects of gender, time of castration, genotype and feeding regimen on lamb growth rate and carcass fatness. Trial 1 compared Polypay and Coopworth • Polypay male lambs either left intact or castrated early, mid or late in growth. Trial 2 compared Hampshire-sired lambs (females, early castrate wethers and late castrate wethers) from Suffolk • Coopworth dams and whiteface • Coopworth dams. Gender and time of castration significantly affected growth rate in Trial i but not in Trial 2. Rams were more efficient than wethers, but no other gender or time of castration effects on feed efficiency were observed. Delaying castration and pasture grazing both reduced fatness. Lambs grazed on irrigated pastures until they weighed 41 kg then finished in drylot had a lower dressing percentage than lambs fed in the drylot throughout, but USDA quality grades were similar. Substitution of Polypay genes by Coopworth genes in crossbred lambs did not significantly alter any of the fatness traits measured but increased ribeye area. Hampshire-sired lambs grew faster than whiteface lambs, particularly in drylot. They had a higher dressing percentage without increased fatness, apparently because of greater muscling in ribeye and leg.
Introduction
Leaving male lambs as rams (uncastrated) has long been advocated as a means of reducing carcass fatness (Robertson, 1966; Turton, 1969) . However, producers have been reluctant to produce ram lambs because of potential behavioral problems in pubertal ram lambs and the economic penalty imposed on ram lambs at slaughter. Most behavioral problems can be avoided by using genotypes that reach slaughter weight before sexual maturity. The slaughter penalty is imposed because of purported lower quality grades, increased difficulty of pelt removal and a less desirable distribution of weight within ram carcasses. Studies by Crouse et al. (1978) and Magid et al. (1981) Bradford and Spurlock (1964) found a higher yield of lean cuts from rams than from wethers.
Delayed castration might produce growth and carcass improvements without adverse effects. The effect of late castration on carcass growth in lambs has not been reported previously. The purpose of this study was to examine the effects of delayed castration, gender, genotype and feeding regimen on growth rate and carcass characteristics of lambs.
Materials and Methods
Two concurrent trials were conducted using a total of 140 lambs. Trial 1 included 40 Polypay and 40 Coopworth • Polypay male lambs all born to Polypay dams. The Coopworth cross lambs were sired by rams imported from New Zealand, where the breed was developed from a Border Leicester • Romney base. Lambs were allocated randomly to treatment groups as shown in Lambs were kept with their darns on ryegrass and white clover pastures until weaning. At weaning, lambs were chosen from their larger respective populations so as to minimize variation in both age and starting weight. Trial 1 lambs represented approximately 40% of the available males in their population, and Trial 2 lambs represented approximately 33% of the available females and 67% of the available males. Lambs were assigned randomly either to drylot, where they were fed a pelleted 70% concentrate, 14% CP diet until slaughter, or they remained on irrigated pastures until they reached a weight of 41 kg before transfer to the drylot feeding regimen. All lambs were given a 4-wk postweaning adaptation period to adjust to their feeding regimens prior to the start of the trial.
Drylot lambs were grouped within trial by gender/castration treatment and had ad libitum access to feed. Feed was weighed back weekly to calculate pen intake and feed efficiency. Pasture lambs from the two trials were run as a single management group and rotationally grazed over 10, 1.5-ha paddocks. Lambs were slaughtered the week after they reached 52 kg live weight.
Lambs were fasted for 24 h prior to slaughter but had continued access to water. Slaughter was accomplished by commercial procedures at the campus research abattoir. Within 1 h postexsanguination, a 1-cm • 2-cm muscle sample was removed from the right longissimus muscle for histological examination as reported by Arnold and Meyer (1988) . Carcasses were USDA quality-graded and yield-graded after a 48-h chill. Carcasses were ribbed between the 12th and 13th ribs, allowing determination of ribeye area from a tracing of the left longissimus muscle and estimation of s.c. fatness as an average of fat depth over the left and right longissimus muscle. Kidney and pelvic (KP) fat was weighed and calculated as a percentage of cold carcass weight.
Data were analyzed separately for the two trials. Feed efficiency data were analyzed by the ANOVA procedure of SAS (1985), fitting castration and feeding period as fixed effects. Main effects were tested against the interaction term.
Growth and carcass measurements were analyzed by the analysis of covariance procedure of SAS (1985) with castration, breed and feeding regimen as main effects and slaugher age or initial weight as the covariate. All interactions were included in the model. Plotting the residuals of the dependent variables against the residuals of the covariate (Snedecor and Cochran, 1980) indicated no departure from linearity. Accordingly, the residual error term was used to test significance in all analyses. Single degree of freedom orthogonal comparisons were used to compare the castration treatments within each trial (Steel and Torrie, 1980) . For Trial 1, rams were compared to wethers, the early castrates were compared to the mid and late castrates and the mid castrates were compared to the late castrates. For Trial 2, ewes were compared to wethers and the two castration treatments were compared.
Results and Discussion
Growth Rate. Gender effects on growth were variable between trials. Rams in Trial 1 (Table 2 ) had higher gains than wethers (P < .01), but wethers in Trial 2 (Table 2) did not differ from ewes. Carcass weight per day of age (CW/DA) gives a more precise indication of carcass growth than does ADG. Differences in CW/DA between rams and wethers in Trial 1 were not significant; however, the trend observed aRams differed from wethers in ADG (P < .01) and feed efficiency (P < .10).
b3/4 BF = lambs from Blackface cross ewes, 1/2 BF = lambs from whiteface ewes; all were from Hampshire sires. ***P < .001.
agrees with the work of Kemp et al. (1970) , who found rams to have a significantly greater CW/DA than wethers. No difference in CW/DA was seen between wethers and ewes in Trial 2. Lack of a gender effect differs from the work of Hawkins et al. (1985) , who found that wethers had a higher CW/DA than ewes in a trial with Hampshire-sired lambs that gained at a faster rate than lambs in this trial.
Delaying castration produced an inconsistent effect on ADG. Early castrates in Trial 1 gained slower than an average of the later castrates (P < .01), but no difference in ADG was seen between early and late castrates for the fastergrowing Hampshire cross lambs in Trial 2. Difference in ADG between the castration treatments in the two trials were at first considered to be due to physiological maturity differences between the genotypes used in the two trials. However, examination of the proportional change in the s.c. and kidney and pelvic depots between the early and late castrates in each trial gave no indication of genetic physiological maturity differences.
Whereas delaying castration increased ADG in Trial 1, it did not significantly improve carcass weight gains. Dressing percentage, and hence carcass weights, decreased as castration time was delayed. This probably was due to greater proportionate growth of non-carcass parts, particularly the head, during the time animals remained intact (Butterfield et al., 1984) . No difference in CW/DA due to delayed castration was detected in Trial 2. The faster growth rate of Trial 2 lambs may have reduced the disproportionate growth of non-carcass parts seen between intact males and castrates.
Genotypic differences did not significantly affect growth rate in either trial. This was true both for grazing and for drylot periods. Polypay lambs had a slightly higher ADG than Coopworth lambs in Trial 1, but no differences were observed between genotypes in Trial 2. Overall, the growth of the Hampshire-sired lambs of Trial 2 exceeded that of their whiteface contemporaries in Trial 1. This agrees with the results of Lloyd et al. (1980) and Crouse et al. (1981) . Carcass weight/day of age was not affected by breed in either trial.
Feeding regimen exerted a large influence on ADG in this experiment. In both trials, lambs fed continuously in drylot had a higher overall ADG (P < .01) than lambs finished in drylot after being grown to 41 kg on pasture. This probably was due to higher energy content of the drylot diet. During the period from initiation of the experiment to 41 kg, lambs fed in drylot outgained lambs on pasture (P < .001). Following their move to drylot, pastured lambs showed modest compensatory growth, averaging approximately 10% higher daily gains than the drylot lambs over the 41-kg to 52-kg range. This difference was not significant.
Carcass weight/day of age also differed between feeding regimens in both trials (P < .01); lambs fed continuously in drylot produced more CW/DA.
Feed Efficiency. The pattern of castration time effect on ADG was paralleled by increased feed efficiency with delayed castration. Rams gained approximately 14% more weight per kilogram of feed than did wethers (P < .10). This is in agreement with work by Prescott (1969) and Shelton and Carpenter (1972) . Delaying castration reduced the difference in feed efficiency between rams and wethers. Rams were 19% more efficient than early castrates but only 9% more efficient than late castrates. As with ADG, no significant gender or castration effects were seen for feed efficiency in Trial 2. Comparison of feed efficiencies between the two trials shows blackface lambs to be approximately 5% more efficient than whiteface lambs.
Carcass Traits. Gender and time of castration had a significant effect on carcass fatness in both trials. Rams had less s.c. fat over the longissimus muscle (P < .001) and less KP (P < .001) than did wethers (Table 3) . Consequently, rams had a lower yield grade than wethers (P < .001), indicating a higher percentage of lean retail cuts. Ewes had more s.c. fat over the longissimus muscle (P < .001), more KP fat (P < .001) and a higher yield grade (P < .001) than wethers (Table 4) . Delaying castration resulted in less s.c. fat over the longissimus muscle (P < .01) in both trials. Compared with early castration, late castration reduced KP by 21% (P < .05) in Trial 1 and by 12% (P < .17) in Trial 2. Yield grades clearly reflect the effect of castration time on carcass fatness in both trials. Similar reduction in fat indices have been seen with beef cattle castrated at heavier weights (Gregory and Ford, 1983; Worrell et al., 1987) .
Gender and time of castration had limited effect on muscling indices. Differences in ribeye area between the two trials indicate a tendency for rams to have a larger ribeye area than wethers, which tended to have a larger ribeye area than ewes. Time of castration exerted no effect on ribeye area in either trial. Comparison between the blackface lambs in Trial 2 and whiteface lambs in Trial 1 indicated that blackface lambs had a larger ribeye area. Rams had a slightly lower (.8 units, P < .01) leg score than an average of the wethers in Trial 1; no difference in leg score was seen between the castration treatments (Table 1) . Blackface lambs in Trial 2 showed no effect of gender or castration time on leg score. Blackface lambs had a higher leg score than whiteface lambs, indicative of superior muscling.
Gender affected USDA quality grade. Rams in Trial 1 had a slightly lower grade (.5 units, P < .05) than an average of the wethers. All animals graded Choice. This is in agreement with other carcass studies that have found rams to grade Choice (Kemp et al., 1970; Crouse et al., 1981) . Time of castration in Trial 1 did not affect USDA quality grade. No differences were seen for quality grade due either to gender or to castration time in Trial 2.
Within trials, breed differences had much less effect on carcass traits than either gender or time of castration. Polypays showed a tendency toward less s.c. fat over the longissimus muscle (P < .10) and more KP fat than the Coopworths (Trial 1). This probably was a result of the Finn breed contribution to the Polypay genotype, because introduction of Finn genes has been shown to decrease s.c. fat depth while increasing KP fat (Thomas et al., 1976 ). An interaction (P < .05) between genotypes and castration time was observed for ribeye area. Coopworth lambs had a larger mean ribeye than the Polypays (P < .001); the difference increased from 2% for the early castrate group to 20% for ram lambs. The larger ribeye area likely is the result of the Coopworth breed's being developed from crosses of breeds that produce more heavily muscled carcasses than do the breeds used in development of the Polypay. No differences in carcass traits were seen between Trial 2 genotypes, probably because they differed by only 25% in breed composition.
Pasture feeding prior to drylot finishing significantly reduced carcass fatness without affecting quality. Pasture-fed lambs in Trial 1 had less fat over the longissimus muscle (P < .05), less KP fat (P < .05) and consequently lower yield grades (P < .01). They also had a lower dressing percentage (P < .10), resulting in lighter carcasses (P < .05). Pasture feeding did not significantly alter ribeye area, leg score or USDA quality grade. Similar results were obtained by Ely et al. (1979) in a comparison of drylot lambs and pasture lambs supplemented with concentrates. Pasture grazing had a similar effect on KP fat, dressing percentage and carcass weight in Trial 2. However, backfat thickness was not reduced by pasture grazing in these lambs; trends toward decreased muscling were seen in both ribeye area and leg score. As in Trial 1, USDA quality grade was not affected by the pasture grazing period.
A castration x feeding regimen interaction for KP fat was found in Trial 1 (P < .05). Late castrates confined to drylot throughout the trial were found to have less KP fat than late castrates that had been grown on pasture before drylot finishing. The opposite feeding regimen effect was observed for animals castrated at other times. Late castrates may have shown a synergistic effect of decreased testosterone levels and increased protein to energy ratio because castration and the switch to drylot occurred within approximately 2 kg of live weight. It has been shown (Butler-Hogg and Johnsson, 1986 ) that the major effect of changing growth rate over a relatively short period of time is in the distribution of body fat between depots.
Results of this trial clearly show that delayed castration of lambs produces leaner carcasses. Delaying castration also improved growth rate and feed efficiency in whiteface lambs. These effects were not seen in blackface cross lambs, possibly due to their greater inherent growth potential.
Application of the described castration technique late in the growth period is a simple means of reducing fat content of lamb carcasses.
